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Sulfide deposition is dominated by the bacterial reduction 
of marine sulfate to HS~, which is then sequestered as 
Fe»-„S, and eventually reacts with another sulfur source 
to be permanently deposited as pyr i te, FeS». That shallow 
and shelf marine sites are more important than the deep sea is 
shown by the fact that the flux rate from the shallow marine 
zones is 5.5 x 10‘ 1 moles per year whereas that from the 
deep ocean sediments is about 0.7 x 10“ moles per year 
(Holsar, l*-«35) . Sulfate deposition is dominated by the 
geological accidents leading to evaporate formation that deposit 
gypsum/ anhydrite, halite, and potash facies minerals (potassium 
minerals, primarily carnal 1 i te and sylvite) , in that order. The 
special conditions of high net evaporation and semi —isolation 
(but not complete i sol ati on) from Sea water input and reflux 
occur only sporadically in geological time, but when they do 
occur they fill up any pre-formed basins with these evaporite 
minerals at a catastrophically high depositional rate. 

The isotope ratio of sulfur in sea water, as recorded in the 
"age curve" of sulfate in evaporite rocks, provides a running 
account of the relative importance of sulfide (heavier sulfate 
isotopes) and sulfate (lighter isotopes) in the world reservoirs. 
Comparison of sulfur and carbon (in carbonate) isotope age curves 
reflects the balance of oxidation and reduction in these two 
global cycles. 


Berner, R.A., 1982. Burial of organic carbon and pyrite 
sulfur in the modern ocean: its geochemical and 
environmental significance, Amer. J. Sci., 

282:451-473. 

Cl aypool , B. E. , Mol ser , W. T. , Kapl an, I . A. , Sakai , H. , and Zek, 

I. , 1980. The age curves of sulfur and oxygen isotopes in 
marine sulfate and their mutual interpretation. Chemical 
Geology, 28: 199-260. 

Boldhaber, N.B. and Kaplan, I.R. , 1974. The sulfur cycle. In 
The Sea (E.D. Golberg, ed.), Vol. 7, John Wiley and 
Sons, Inc., New York, pp. 569-655. 

Hand ford, C.R. , Loucks, R.6. , and Davies, 6.R. (eds. ), 1982. 

Depositional and diagnetic spectra of e vapor i tes — A core 
workshop. SEPM Core Workshop No. J, Society of Economic 
Paleontologists and Mineralogists, Tulsa, 395 p. 

Mardie, L.A. , 1984. Evaporites: marine or non-marine?, Amer. 

J. Sci., 284: 193-240. 


SO 



HblMTf W.T. , 1982. Mineralogy of evapori tes, Reviews in 
Hi new a logy, 4 : 21 1-294. 

Holser, W.T. , 1984. Gradual and abrupt shifts in ocean 

chemistry during Phanerozoic time. In Patterns of Change 
in Earth Evolution, (H.D. Holland and A.F. Trendall, eds. ) 
Dahlem Konferenzen/Springer-Verlag, Berlin <in press). 

Holser, W.T. , Maynard, J.B. and Cruikshcnk, K.M. , 1985. 

Modelling the natural cycle of sulfur through geological 
time. In Evolution of the Global Sulfur Cycle, (W.E. 

Krumbein and A. Yu Lein, eds.), SCOPE, (submitted). 

Holser, M.T., MAflKSrd, J.B*, Mackenzie, F.T. and SchidlowSki, 

M. , 1985. The cycles of carbon, sulfur, and oxygen. In 
Chemical Cycles in the Evolution of the Earth, <C. 

Gregor et al ., eds.), John Wiley and Sons, Inc., New 
York (in press). 

Kendall, A.C. , 1979. Facies models 14. Subaqueous 
evapori tes. Geoscience Canada Reprint Series, 
iz 159-174. 

Xirklar. D.W. and Evans, R. (eds.), 1973 Marine 

Evaporitest Origin, Diagenesis , and Geochemistry, Dowden, 
Hutchinson and Ross, Inc., Stroudsburg, 246 pp. 

Leventhal , J.S., 1983. An interpretation of carbon and 

sulfur relationships in Black Sea sediments as indicators of 
environments of deposition. Geochi m. Cosmochim. Acta, 
47:133-137. 

Orr, W.N., 1974. Sulfur. 16L. Biogeochemistry. In Handbook 
of Geochemistry , (K.H. Wedepohl , ed.), 16-L : 1-19. 

Ruckmick, J.C. , Wimberly, 6.J., and Edwards, A.F. , 1979. 

Classification and genesis of biogenic sulfur deposits. 
Economic Geology, 74: 469-474. 

Volkov, I. I. and Rozanov, A.G. , 1983. The sulfur cycle in 
oceans. Part 1. Reservoirs and fluxes. In The Global 
Biogeochemical Sulphur Cycle <M.V. Ivanov and J.R. 

Freney, eds.), SCOPE 19. John Wiley and Sons, Inc., New 
York, pp. 357-423. 

Veizer, J. , Holser, W.T. , and Wilgus, C.K. , 1980. 

Correlation 

of 13s C/* a C and 34 *S/ 32 S secular variations. Geochi m. 
Cosmochim. Acta, 44:579-587. 

Zharkov, M.A. , 1981. History of Paleozoic Salt Accumulation. 
Springer-Verlag, Berlin, 308 p. 


51 



SALT 


CONCENTRATION OF SEA 
MATES MHEN MALT 


Anhydrite 

Oypnun 


Salt 

Potash facias 


Calcium sulfate 3*4 tiaas 

CaBO* 

Calcium 

sulfate, 2 watsrs 3*4 times 

Ca6€U.2H70 


NaCl 10 timss 


Potassium chi or ids 60*70 timss 

KC1 

Magnesium sulfats 
HgSCU 

Potassium magnesium chi or ids 
KMgCls.6H 7 Q 


Tachyhydrits 

Nagnasium calcium chi or ids 
KgCaCl*.HzQ 


(In nature, tachyhydrits is found in ths evaporation sequence whereas 
in ths lab bischoffits <MgCl*6tM3) is producsd at a concentration 
of about 70 timss 

MAJOR MINERALS OF THE POTASH FACIES (*SITTIAIif} 

By lvits XC1 
Carnal 1 i ts KMgCl* 

Kisssrits 

Kainits 

Bchosnits 


Fagurs 1-15. Assea water evaporates salts come out of solution 
in this determined sequence. 


52 



OMGftlAt PAGE IGT 
OP POOR QUALITY 


METEORITE 
SULFIDE S* 

MAF IC Z GNEOUe 
8ULF X DE S» 

GRANITIC IGNEOUS 
SULFATE SO,« 
SULFIDE S*" 

VOLCAN1C 
SULF Z DE H a 8 
8ULFUR S 
SULFATE SO.> 

HYDROTHERMAL 
SULF I DE S* 

SEA WATER 
SULFATE 

SO. 1 



MAR Z ME EVAPORITE 
SULFATE SO«^ 


ATMOSPHER Z C 
SULFATE SO.* 


PRESENT FRESH WATER 

SULFATE BO,» PLANTS. COAL 

PREBENT MARINE MUD 

SULFIDE 

SEDI MENTARY ROCK - 

SULF I DE S'*" ^ ~ - 


♦ 



BIOGENIC NATIVE - 

SULFUR 8 

— 40 — 30 — 20 — ZO — O -4-10 +20 +30 +40 

Arrow* indicate mm*n value* 


,l FRACTX (SSaTION DATA 

s« H 


Figure I-1&. Summary of literature values. Delta 34ii in natural 

Samples varies from over ~40 to over +40 depending on several 
•{actors, including it ^ source*, fhe: width of the black bcu'£> 
approx irtiate the distribution of the values. 
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QHGMAL PACK'W 
OF FOOR QUALITY 


Figure 1-17. Phenerozoic marine e vapor it es and carbon 

deposition, (a) Nacl and CaBO^ m marine 

evaporites, scaled logari thmical ly) content in the present 
ocean is also shown. Data -from Zharkov -for Cambrian through 
Pennsyl vani an time, and from Holser et al . for the Fermian 
through the Cenibzoic. (b) Rate of deposition of 
C c .rb Cc) Rate of deposition of C 01 ~«. Solid 

lines in <b> and <c) are carbon in sediments present today on 
the continents, aggregated to epochs; dashed line in <c) is 
based mainly on deep-sea cores and aggregated by stages or 
substages (2). Shaded areas in (c) are times of recognized 
anoxic events. Note that the scale in Cc) is expanded relative 
to (b). 



Figure 1-18. Age curves of (a) sulfur isotopes in evaporite 

sulfate! tb) carbon isotopes in carbonate) (c) strontium 
isotopes in carbonate and in fossil apatite) and (d) sea 
level. Shading gives range gf uncertainty) dashed lines, 


lack of data. 
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